7th International Conference on the Durability of Concrete Structures
20-22 May 2022
University of Jinan, Jinan, Shandong, China

Study on Properties of Fiber Reinforced Foam Concrete
Guofa ZHENG1, Yanyu SHI2, Qiang LI3, Qing YANG2, Xiaolei LU1, Xiuzhi ZHANG*1,2, Xin CHENG*1
1. Shandong Provincial Key Laboratory of Preparation and Measurement of Building Materials, University of
Jinan, Jinan 250022, China;
2. College of Materials Science and Engineering, University of Jinan, Jinan 250022, China
3 China United Cement Pingyi Co., Ltd., Linyi, China

ABSTRACT
There are many problems in foam concrete such as low strength, easy cracking, and easy defect. Aiming at
these problems, the article uses polypropylene (PP) fibers, polyvinyl alcohol (PVA) fibers, and waste fibers
reinforced foam concrete methods to investigate the effect of fiber type and content on the performance of foam
concrete based on optimizing the foam concrete foundation mix ratio. At the same time, this paper analyzes the
mechanism of different fiber reinforced foam concrete. The results show that when the foaming agent is diluted
60 times, when the water-cement ratio is 0.45 and when the foam volume is 45%, in which condition the foam
concrete works best. Different fiber types have a certain difference in the reinforcement effect of foam concrete.
Compared with the blank group, the compressive strength of foam concrete was increased by 154% when the
mass percentage of PVA fibers was 0.25, the impact strength of foam concrete was increased by 300% when
the mass percentage of PP fibers was 0.25 respectively. The reinforcing effect of waste fibers is lower than that
of PVA and PP fibers.
structure and decrease the average pore diameter of
the foamed concrete. Chen. B [14], Ma. Y. P [15],
and Bai. G [16] believed that PP fiber and
polyethylene fiber can reduce the drying shrinkage of
foam concrete. Li. M. M [17] found that basalt fiber
reinforced concrete is better than carbon fiber. And
the effect is the best when the volume content is
0.1%.
PP fibers have the advantages of low density and
non-hydrophilicity, while polyvinyl alcohol (PVA)
fibers have the advantages of high strength, large
modulus, and good hydrophilicity. Those two fibers
are separately incorporated into foam concrete,
which will have effects on their mechanical
properties, thermal performance, and pore structure.
At the same time, China is a big country in fiber
production and use, and the amount of waste fiber is
quite large. According to statistics, the total global
fiber production in 2017 was 93.71 million tons.
China's share of global fiber processing exceeded
50%, and most of the fiber products will become
waste fibers in a few years. To use the fiberreinforced foam concrete being produced by waste
fiber and foam concrete is an important way to save
energy and environment-friendly fiber material.
In this paper, the foamed concrete was produced by
using the animal and vegetable protein composite
foaming agent and the sulphoaluminate cement as
the cementing material. This paper systematically
analyzed the PP fiber, PVA fiber, and waste fiber

1. INTRODUCTION
With the development of urbanization, the
construction enterprise has become the most
energy-intensive industry, accounting for about 40%
of the total energy consumption. Therefore, the use
of green energy-saving building materials to replace
ordinary building materials has become the standard
practice [1]. Foam concrete as a typical green
energy-saving building materials, which porous
nature makes it has many advantages such as
lightweight, thermal insulation, environmental
protection, high temperature, fire resistance, low cost,
and so on. It is widely used as filling material, nonbearing walls, and exterior wall insulation material
[2,3,4,5,6]. However, the low strength, poor
toughness, and easy damage characteristics of
foamed concrete products limit its application in
engineering,
especially
when
cutting
and
transportation are required. In order to improve the
mechanical properties and impact strength of foam
concrete, fiber reinforcement is reported to be an
effective method [7,8,9,10,11]. Eethar. T. D [12]
observed that in addition to 1.5% carbon fiber can
improve the performance of foam concrete by 36%,
and it has a more significant performance
improvement
effect
when
combined
with
polypropylene (PP) fiber. Luo. J. L [13] shown that
multi-walled carbon nanotube can improve the pore
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incorporation on dry density, volumetric water
absorption, thermal conductivity, compression, and
impact strength.

mold and cured to the specified age under standard
curing conditions for testing. Compressive strength,
dry density, and volumetric water absorption are
tested using a mold of 40 mm×40 mm×160 mm. The
thermal conductivity test uses a mold of 30 mm×300
mm×300 mm.

2. TEST
2.1 Raw material
Cement: The physical properties and chemical
composition of 42.5 R sulfoaluminate cement
produced by Qufu Zhonglian limited company are
shown in Table 1,2.
Foaming agent: The composite foaming agent
produced by Sichuan Naibang Building Material
Technology Company has a solids content of 16%.
Fiber: The diameter of 19 mm polypropylene fiber
(PP) and polyvinyl alcohol fiber (PVA) produced by
Jiangsu Bot New Material limited company. Waste
fiber is produced after the blades of wind power
generation are broken. And its main components are
glass fiber and resin.
Foam stabilizer: Calcium stearate produced by
Tianjin Damao Chemical Reagent limited company.
Coagulant: Lithium carbonate produced by Tianjin
Damao Chemical Reagent limited company.

2.2.2 Testing method
(1) Compressive strength
According to the regulation of JG/T266-2011 “Foam
Concrete”, the foam concrete was firstly stored in a
conserved room with the temperature of 20 °C ±
1 °C and relative humidity ≥ 95% for 7 d. Specimens
were then sectioned with a tool to 40 mm × 40 mm ×
40 mm test block. The cut specimens need to be
dried in a drying box at 60 ± 5 °C to a constant
weight for compressive strength testing.The
compressive strength is calculated according to
formula 1:
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(2) Impact strength
Referring to the regulation of GB/T15231.5-94 "Test
Method for Performance of Glass Fiber Reinforced
Cement", the foam concrete was firstly stored in a
conserved room with the temperature of 20 ℃ ± 1
℃ and relative humidity ≥ 95% for 7 d. Specimens
were then sectioned with a tool to 20 mm × 20 mm ×
80 mm test block. The impact strength of foamed
concrete was tested. Before the impact strength test
is carried out, the cut specimens need to be dried to
a constant weight in a drying chamber at 60 +5 ℃.
Calculate the impact strength according to Equation
2:
A=(W/S) × 103
（2）
In the formula:
A—Impact strength, unit kJ/m2;
W—The reading on the table is the unit of impact
energy J;
S—Fracture section area, unit mm;
The results are shown by the average of six
samples, being accurate to 0.1 kJ/m2.
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In the formula:
σ—Compressive strength, unit MPa;
F—Maximum damage load, unit N;
S—Pressure area, unit mm2.

Table 1 Physical properties of sulphoaluminate cement
Speci
fic
surfa
ce
area
/(m2·k
g-1)

F
S

2.2 Experiment method
2.2.1 Preparation of foam concrete
Firstly, the foaming agent is mixed with water in a
certain ratio to obtain a stable foam through
mechanical stirring. Secondly, after sulphoaluminate
cement, admixtures, foam stabilizers and other
additives are weighed by an electronic balance, they
are mixed evenly at low speed with a cement paste
mixer to obtain a dry powder material. The cement
slurry is obtained by mixing water and dry powder
materials weighed according to a fixed water-cement
ratio. Then, the foamed concrete slurry is obtained
by mixing the foam and the cement slurry evenly.
Finally, the slurry is poured into the mold to form.
After 24 hours, the test block was removed from the

(3) Volume water absorption
Testing was performed with reference to relevant
regulations in JG/T266-2011 "Foam Concrete". The
sample was made into a test block with a size of 40
mm × 40 mm × 160mm to determine the volumetric
water absorption of foam concrete. Before
performing the water uptake experiments, the test
pieces were dried to a constant weight of M0 in an
oven at a temperature of 60 ± 5 °C. After cooling,
2

firstly, water was added to the test 1/3 height for 24
h. Secondly, water was added to the specimen 2/3
height for 24 h. Finally, water was added to reach 30
mm above the specimen for 24 h. After the test
pieces were removed from the water, the surface
moisture was wiped away with a damp cloth before
weighing to obtain the mass Mg after water
absorption by the test pieces. The volumetric water
absorption is calculated according to Equation 3:

WR =

(M g - M 0 )
V0   0

 100%

temperature for scanning electron microscopy (SEM)
analysis.
3 Test results and discussion
3.1 Foam concrete test results
In order to find the optimal basic ratio of foamed
concrete, this paper studies the influence of foaming
dilution ratio, water-cement ratio and foam content
on the compressive strength, dry density, volumetric
water absorption and thermal conductivity of foamed
concrete respectively. The specific configuration is
shown in Table 3.

（3）

In the formula:
WR—Water absorption (%), calculation accurate to
0.1;
Mg—Mass of the sample after water absorption (g);
M0—Quality of the sample before water absorption
(g);
ρ0—Water density (g·cm-3，1000 kg·m-3=1 g·cm-3);
V0—Natural volume of dry material (cm3).

Table 3 Foam concrete mix ratio

(4) Dry density
The test block was made into a test block with a size
of 40 mm × 40 mm × 160 mm to test the dry density
of foam concrete. Before the test, the test block is
dried in an oven at a temperature of 60 ± 5 °C to a
constant weight. After cooling, the mass G of the test
block is weighed. The dry density of the test block is
calculated according to formula 4:

=

G
V

Ⅰ1
Ⅰ2
Ⅰ3
Ⅰ4
Ⅰ5
Ⅱ1
Ⅱ2
Ⅱ3
Ⅱ4
Ⅱ5
Ⅲ1
Ⅲ2
Ⅲ3
Ⅲ4
Ⅲ5

（4）

In the formula:
ρ—Dry density of test block, unit kg/m3;
V—Volume of test block, unit mm3;
G—Quality of test block after drying, unit g.
(5) Thermal Conductivity
The prepared foam concrete slabs with a size of 300
mm×300 mm×30 mm were placed in a standard
curing room for 7 days. In each set of ratios, two
randomly selected test pieces are placed in a drying
oven to be dried to a constant weight at a
temperature of 50 ± 5 °C The thickness around the
specimen is measured with a steel ruler. After
calculating the average values h1 and h2 of the two
samples, the thickness of the test piece is h =
(h1+h2)/2. The thickness h of the specimen was
entered after it was put into the dual plate thermal
conductivity tester. Then the thermal conductivity of
the test pieces after holding for 30 min was
measured.
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Figure. 1 The influence of foaming agent dilution ratio on the
performance of foam concrete

(6) Scanning electron microscope
Specimens were fabricated into test blocks with a
length width of 5 mm. After termination of hydration
with isopropanol, the samples were dried to constant
weight inside a vacuum drying box at 40 ℃
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dilution factor is 60, under the water-cement ratio is
0.45 and the foam content is 45%.
3.2 Effects of fiber types and dosages on foamed
concrete
Aiming at the shortcomings of foam concrete such
as low strength, poor toughness, and easy to
produce defects, fiber modification methods are
used to improve the performance of foam concrete.
The experiment uses PP fiber, PVA fiber and waste
fiber to prepare fiber-reinforced foam concrete.
According to section 2.1, when the foaming agent
dilution ratio is 60, the water-cement ratio is 0.45,
and the foam content is 45%, the performance of the
foam concrete is the best. Therefore, the foam
concrete is fiber-reinforced and modified under this
ratio. Different types of fibers with volume additions
of 0, 0.05%, 0.10%, 0.15%, 0.20% and 0.25% were
added to study their effects on the properties of foam
concrete.

Figure. 2 The influence of water-cement ratio on the performance
of foam concrete

3.2.1 Effect on compressive strength of foam
concrete

Figure. 3 The influence of foam content on the performance of
foam concrete

The influence of the dilution ratio of the foaming
agent on each performance is shown in Fig. 1. If the
dilution ratio of the foaming agent is too small, the
foaming agent cannot be fully utilized, and the
foaming effect is not good. If the dilution ratio of the
foaming agent is too large, the foam will not be
uniform. And unstable, thus affecting the
performance of foam concrete. Fig. 2 shows the
effect of water-cement ratio on the performance of
foamed concrete. When the water-cement ratio is
too small, the viscosity of the slurry is too high to mix
with the foam. However, when the water-cement
ratio is too large, the viscosity of the slurry is small,
which makes the foam easy to break, leading to
deviations in the performance of the foamed
concrete. Low foam content results in low porosity,
resulting in low dry density and thermal conductivity.
On the contrary, high foam content will reduce the
viscosity of the slurry and easily cause collapse. The
result is shown in Fig. 3. The performance of foamed
concrete is excellent. Its volumetric water absorption
rate is 32.4%, dry density is 253.9 kg/m3,
compressive strength is 0.57 MPa, thermal
conductivity is 0.13 W/(m·K), and the foaming agent

Figure. 4 Effect of fiber type and dosage on compressive strength
of foam concrete

Because PVA fiber is a hydrophilic material, it has
good adhesion with cement [16]. It can be seen from
Fig. 4 that as the amount of PVA fiber increases, the
compressive strength of foam concrete increases.
When the content of PVA fiber foamed concrete is
0.25%, the compressive strength of PVA fiber foam
concrete is 1.50 MPa, which is increased by 154%.
With the increase of the content of PP fiber, the
compressive strength first increases and then
decreases. This is because the low content of PP
fiber can enhance the compressive strength of the
foam concrete. If the content is too high, the
compressive strength will be reduced, which is due
to the fact that the fibers are difficult to disperse
uniformly
and
cause
agglomeration.
The
compressive strength of foamed concrete mixed with
4

PVA fiber is higher than that of PP fiber foamed
concrete under the same fiber content. It can be
considered that the reinforcing effect of PVA fiber is
better than that of PP fiber. Incorporating an
appropriate amount of fiber can effectively increase
the compressive strength of foam concrete, because
an appropriate amount of fiber can bond with
hydration products and unhydrated substances in
the foam concrete matrix to form a three-dimensional
network structure, which can produce a supporting
effect and improve compressive strength of foam
concrete.
When the waste fiber is added at 0.15%, the effect of
enhancing the performance of foam concrete is
better. At this time, the compressive strength was
0.70 MPa, which was an increase of 19% compared
with the blank group. The reinforcing effect of waste
fiber is not as good as the other two fibers, because
the diameter of waste fiber is larger and the number
of fibers per unit mass is less. In foamed concrete,
waste fibers cannot be fully dispersed in various
parts of the slurry, resulting in weaker reinforcement
of foamed concrete. A part of the larger fibers will
cause bubbles to merge, which will not give full play
to the reinforcing effect of the fibers or may even be
lower than the compressive strength of the foamed
concrete without fibers.

to prevent the spread of micro-cracks. When the test
block ruptures, it can also effectively bear part of the
impact energy to improve the impact strength of the
foam concrete. However, excessive fibers are
difficult to disperse evenly during the mixing process,
causing them to agglomerate in the foam concrete
matrix, which leads to many cracks in the foam
concrete. This is the reason for the low impact
strength of foam concrete, when the fiber content is
excessive. The optimal dosage of PVA fiber and
waste fiber are both 0.15%. At this time, the impact
strength of PVA fiber foamed concrete is 8.5 kJ/m2,
which is increased by 265% compared with the blank
group. The impact strength of foam concrete mixed
with waste fiber is lower, 3.5 kJ/m2, which is an
increase of 50%. Compared with the other two
fibers, PP fiber has different laws. As the amount of
PP fiber increases, the impact strength of foam
concrete increases. The impact strength of foam
concrete is 9.33 kJ/m2, which is 300% higher than
that of the blank group, with the content of PP fiber is
0.25%.
3.2.3 Effect on the dry density of foamed
concrete

3.2.2 Effect on impact strength of foamed
concrete

Figure. 6 Effect of fiber type and dosage on the dry density of
foam concrete

The type and amount of fiber have a certain effect on
the dry density of foamed cement, resulting in large
fluctuations in the dry density of fiber foamed
concrete. These contents can be seen in Fig. 6. With
the increase of the amount of PVA fiber, the dry
density of foam concrete first increases and then
decreases. When the content of PP fiber and waste
fiber is high, the dry density of fiber foam concrete
tends to increase. The reason is that a large number
of fibers are dispersed inhomogeneous in foamed
concrete, resulting in serious internal agglomeration.
This makes some materials agglomerate to form
densely packed lump concrete, which increases the
dry density of foam concrete. When the fiber content

Figure. 5 Effect of fiber type and dosage on the impact strength of
foam concrete

As shown in Fig. 5, the impact of PVA fiber and
waste fiber on the impact strength of foam concrete
has a similar law that the impact strength of foam
concrete first increases and then decreases with the
amount of fiber increases. Adding proper amount of
fiber can significantly improve the impact strength of
foam concrete, because proper amount of fiber can
bond with hydration products and unhydrated
products firmly after the foam concrete is hardened
5

is 0 to 0.15%, the dry density of foam concrete
added with PVA fiber is higher than that of PP fiber
foam concrete, which is due to the density of PVA
fiber is higher than that of PP fiber.
3.2.4 Effect on volumetric water absorption of
foamed concrete

Figure. 8 Effect of fiber type and dosage on thermal conductivity
of foam concrete

It can be seen from Fig. 8 that the thermal
conductivity of foam concrete is reduced to a certain
extent by PP fiber, PVA fiber and waste fiber. With
the increase of the content of PP fiber and PVA fiber,
their thermal conductivity showed the same
fluctuation trend. The thermal conductivity first
decreases and then increases with the increase of
the content of waste fiber. When 0.05% PP fiber is
added, the minimum thermal conductivity is 0.08
W/(m·K). The optimum content of PVA fiber is
0.20%, and its thermal conductivity is 0.1 W/(m·K).
When the content of waste fiber is 0.10%, the
thermal conductivity is 0.12 W/(m·K).
Fig. 9 is the heat transfer mode of foam concrete.
The proper number of pores can reduce the thermal
conductivity of concrete to a certain extent. The
thermal conductivity of the air is only 0.023 W/(m·K)
in closed state, so the introduction of bubbles in
concrete will significantly reduce the thermal
conductivity of concrete, which is also an important
reason for the thermal conductivity of foam concrete
(0.05 to 0.28 W/(m·K)) lower than that of ordinary
concrete (2.5 W/(m·K)). From the heat transfer mode
of fiber concrete in Fig. 10, it can be seen that the
fibers are distributed in a random direction in the
concrete. Therefore, some fibers perpendicular to
the heat transfer direction will hinder the heat
transfer in the process of heat transfer, resulting in
the reduction of the thermal conductivity of concrete.
The heat transfer mode of fiber foam concrete is
shown in Figure 11. From the graph, it can be seen
that proper amount of fiber can stabilize the pore
structure of foam concrete, increasing the number of
independent pores in foam concrete, which can
reduce the thermal conductivity of foam concrete.

Figure. 7 Effect of fiber type and dosage on volumetric water
absorption of foam concrete

There are generally two types of water absorption in
foam concrete: one is to absorb water through
communicating holes inside the foam concrete, the
other is to absorb water through the pores in the
foam concrete. As can be seen from Fig. 7, the
volume absorption of foam concrete decreases first
and then increases with the increase of PVA fiber
content. The water absorption rate of foam concrete
mixed with fiber decreases to a certain extent,
because the crack of foam concrete after adding
fiber decreases. The fiber reduces the connected
pores in the foam concrete so as to make the pore
structure more complete, resulting in a certain
degree of decrease in water absorption. Excessive
volume of fiber leads to a downward trend in volume
water absorption of foam concrete. This is because a
large number of fibers are difficult to disperse evenly
in foamed concrete, resulting in agglomeration of
some materials and formation of dense concrete
blocks. After adding 0.1% PVA fiber, the minimum
volume water absorption was 28.8%, which
decreased by 22% compared with the blank group.
With the increase of fiber content, the volumetric
water absorption of foam concrete with PP fiber [14]
and waste fiber showed a certain fluctuation, but the
addition of fiber reduced the volume water
absorption of foam concrete to some extent.
3.2.5 Effect of fiber type and content on thermal
conductivity of foamed concrete
6

material so that the crack of the pores decreases
and the closed pores increase, leading to a decrease
in water uptake and thermal conductivity, which can
be achieved through load effective transmission to
improve foamy concrete strength. As the fiber
incorporation increased, the number of pores
merging increased during stirring, which made
increasing
the
probability
of
inter
void
communication unfavorable to the formation of
closed stomata, leading to the increase of water
uptake and thermal conductivity. After the fibers stick
to form holes, the effective bonding area of fiber and
cement is reduced, which is not conducive to the
improvement of strength. With excessive fiber
incorporation, the vesicular pores broken greatly
during the stirring of the pulp bodies, resulting in the
destruction of the foamy concrete system to form a
dense cement block.

Figure. 9 Heat transfer process of porous material

Figure. 10 Heat transfer process of fiber material

4. CONCLUSION
(1) Preparation and properties of fiber reinforced
foamy concrete studies have shown that the addition
of fiber has various effects on compressive strength
and impact strength of foamy concrete. For
compressive strength, PVA fibers improved the
compressive strength of foamy concrete the best, PP
fibers the second most, and waste fibers the least. At
0.25% PVA fiber addition, the compressive strength
of the resulting foamy concrete was 1.5 MPa, which
was improved by 154% compared to the blank
sample.
(2) To combat the impact strength, the effect of PVA
fiber to improve the impact strength of foamy
concrete was the best at the incorporation lower than
0.2%, PP fiber the second and waste fiber the least.
With the PVA fiber addition of 0.15%, the impact
strength of the resulting foamy concrete is 8.5 kJ/m2,
which is improved by 265% compared to that of the
blank group. However, at the PP fiber incorporation
of 0.25%, its impact resistance strength, which was
obviously improved, reached 9.33 kJ/m2 and
improved by 300%.
(3) The addition of fiber fluctuated greatly on the dry
density, volume water uptake and thermal
conductivity of foamy concrete. But the foam
concrete cracking decreased after adding an
appropriate amount of fiber, which was because the
fiber made the structure of pores more intact. An
appropriate amount of fiber can also reduce the
connected pores, resulting in a decrease in the dry
density, volume water absorption and thermal
conductivity.
(4) The reinforcement effect of the discarded fiber is
inferior to the other two fibers, with only less lift on
the performance of foamy concrete. Therefore,
waste fibers can only be used in foamy concrete
where performance requirements are not high.

Figure. 11 Heat transfer process of fiber-reinforced concrete

3.2.6 Effect of fiber on the microstructure of
foamed concrete

Figure. 12 Scanning electron microscopy image of fiberreinforced foam concrete magnified 50 times (a) Blank group; b)
Fiber content 0.05%; c) Fiber content 0.2%)

After the incorporation of appropriate amount of
fibers, the three-dimensional distribution of fibers in
foamy concrete can play the role of protecting the
pores. The fiber can "" bridge "" the pores inside the
7
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